To compare the functional results and complications associated with palmar percutaneous and dorsal limited approaches in the surgical treatment of nondisplaced or minimally displaced scaphoid fractures type B2. Methods. A total of 76 patients with acute nondisplaced or minimally displaced type B2 scaphoid fractures were included in a prospective randomised study. The assignment patients to groups according to type of operative approach was based on systematic sampling. Clinical follow-up, X-ray or CT imaging were performed at four, eight and twelve weeks and one year after the surgery. Patient satisfaction and the results of DASH form were evaluated as well. The differences were statistically tested. Results. We found significantly better flexion and grip strength in the group of palmar percutaneous aprroach during the follow-up examination at eight weeks after the surgery. Significantly better flexion of the same group persisted at twelve-week follow-up examination. No differences in results or complications were statistically significant up to one year follow up. Conclusions. We found no advantage to the palmar percutaneous approach in the treatment of nondisplaced and minimally displaced scaphoid fractures type B2 compared to dorsal limited approach.
INTRODUCTION
Scaphoid fractures affect mainly young men. Missed or late diagnosis can prolong the healing period or lead to nonunion and subsequent degenerative changes (SNAC wrist), which requires additional surgery. The treatment results do not very often fulfill the patient's and surgeon's expectations. Recently, there has been an increased trend toward surgical fixation using conventional or miniinvasive approaches based on the type of scaphoid fractures 1, 2 . Surgery is fully indicated for scaphoid fractures type B1-B5 according to the Herbert classification 3 (unstable fractures). Surgical treatment provides for early wrist physiotherapy, better functional results and shorter sick leave [4] [5] [6] [7] [8] . The total treatment costs are similar to those of conservative treatment -as shown in the economic analys 9, 10 . Complete nondisplaced and minimally displaced fractures of the scaphoid waist (middle third of scaphoid) can be treated using dorsal or palmar miniinvasive approaches. Both methods have pros and cons. Recent studies on results and complications of both surgical methods are available 11 . The main limitations of studies which compare palmar and dorsal approaches include their retrospective method and relatively small samples [12] [13] [14] .
MATHERIALS AND METHODS
Only patients with acute nondisplaced or minimally displaced type B2 scaphoid waist fractures (according to Herbert's classification 3 ) were included in this prospective randomised study. Minimal displacement refers to a longitudinal distraction of fragments up to 2 mm with no lateral or rotational distraction on CT scans. There were 76 patients who met these criteria, agreed to and signed the informed content form from July 2008 to December 2010. Patients with complicated fractures such as transscaphoid perilunate dislocations and patients with associated fractures of other carpal bones or distal radius were excluded. Inclusion of patients into groups (group A -palmar percutaneous approach, group B -dorsal limited approach) was based on systematic sampling. This provided system homogeneity in age, sex and dominance of the injured extremity.
Both techniques -the palmar percutaneous and dorsal limited approaches -have been repeatedly and closely described in the literature 1, 6, 15, 16 . All surgeries were performed under general anaesthesia with a pneumatic tourniquet applied to the upper arm. Osteosynthesis was performed by the trauma surgeons involved in this proj-ect (P.D., I.Č., M.R.) using cannulated headless screws (Herbert screws) up to 14 days after the trauma.
Using palmar percutaneous approach, an 8-10mm transverse skin incision was made 10 mm distal to the scaphotrapezial joint and blunt dissection down to the bone without opening the capsule of the scaphotrapezial joint was performed. A towel roll was used under the supinated wrist to allow for adequate wrist extension. With the aid of image intensifier a guide wire was inserted into the bone through the tubercle, and passed centrally down the scaphoid. A cannulated screw was then inserted over the guide wire to be fully buried within the bone. After removal of the guide wire the wound was closed with one or two skin sutures.
In cases involving the dorsal approach, a 15-20mm longitudinal skin incision was made starting over the Lister tubercle and heading toward the base of the 3 rd metacarpal bone. The extensor pollicis longus tendon was displaced radially. The longitudinal capsulotomy was performed and the wrist was fully flexed. The guide wire was inserted to the scaphoid through the proximal pole closely to the origin of scapho-lunate ligament. The position of the guide wire was checked by image intensifier and the screw was inserted over the wire to be fully sunk beneath the proximal surface of the scaphoid. Removing guide wire, the capsule and skin were closed with sutures. All the operated wrists were then postoperatively fixed in a removable splint for a period of two weeks and, after stitches removal and physiotherapy was started.
Two patients (one patient from each group) were lost to follow-up. The remaining 74 patiens were evaluated as there were data from all scheduled follow-up examinations. Clinical follow-up was performed four, eight and twelve weeks after the surgery, X-ray examination after four weeks and CT imaging twelve weeks after the surgery according to a standardized protocol. In case of the clinical or radiologic sign of delayed union, the follow-up continued with the clinical and radiological examinations every six weeks. The final clinical, X-ray and CT examinations were performed twelve months postoperatively. We evaluated the range of motion (flexion, extension, radial and ulnar deviation), grip strength using the Jamar dynamometer (as a percentage of the opposite, unaffected wrist), the presence of persisting complaints, pain during sports and physical activities. During X-ray and CT imaging we evaluated the presence of screw protrusion over subchondral bone and presence of degenerative changes of the wrist. Software Web 1000 4.1. (AGFA) was used for this measurement. We evaluated the incidence of complications in each group. The complications which needed surgery included: nonunion, malunion, fracture, compartment syndrome, septic arthritis, nonreversible trauma to the sensory nerve branches, vessel injury, complex regional pain syndrome, tendon rupture and complications which needed nonsurgical treatment: superficial infection, secondary wound healing, transitory nerve injury, tendon irritation. All the patients were asked about their satisfaction with the outcome (satisfied/dissatisfied) and all filled in the DASH form 17 . The differences between the group outcomes were statistically tested by the Student's t-test, the Sign test and the Mann-Whitney U-test. Any differences were considered statistically significant when P<0.05. The SPSS 15 (SPSS Inc., Washington, USA) professional software was used for the statistical analysis.
RESULTS
The compared groups were homogenous according to age, gender and hand dominance (Table 1) . We found one symptomatic scaphoid nonunion in the group A (palmar percutaneous approach). There were no statistically significant differences between the two groups with respect to flexion, extension, radial and ulnar deviation, grip strength, presence of persisiting complaints, patient satisfaction or DASH score during the follow-up examination twelve months after the surgery as shown in Table 2 . The differences between groups for complications were also not significant as shown in Table 3 . Comparing the data obtained during the follow-up examination four, eight and twelve weeks following surgery we found significant differences only in flexion at 8th-and 12th-week follow-up examination and grip strength during 8th-week follow-up examination in favour of group A (palmar percutaneous approach). See Table 4 .
DISCUSSION
Nondisplaced and minimally displaced fractures of the scaphoid waist (the middle third of the scaphoid) can be treated using the dorsal or palmar miniinvasive approaches. Both methods have their pros and cons.
The dorsal approach has been reported by deMaaggd in 1989 for the treatment of nonunions of the proximal pole of the scaphoid 15, 16 . Anatomical and clinical studies 14, 18 showed that the dorsal techniques resulted in a centered screw throughout the scaphoid, whereas the screws inserted palmarly were centered in the waist and proximal pole but not in the distal pole. The centered screw leads to better rigidity and stability of the osteosynthesis 19 . The disadvantage of the dorsal approach is the necessity for extensor retinaculum partial release and the violation of radioscaphoid joint by the drill. In contrast, this approach enables the screw to be sunk underneath the bone cartilage to prevent distal radius cartilage irritation in case of screw protrusion 20 . On the other hand, using the dorsal percutaneous approach, the surgeon has to fully rely on fluoroscopic help without seeing the screw sink and fracture reduction. 11, 14 . Arthroscopic assistance can solve this problem 13 but the procedure is demanding in terms of equipment and experience. Additionally, an anatomic study by Adamani et al. 21 showed a high risk of tendon and nerve damage in the percutaneous fixation of the scaphoid through the dorsal approach. In 58% of wrist cadavers they found the guidewire going through the extensor pollicis longus tendon or extensor indicis proprius tendon or extensor digitorum communis to the index, and in 42% the guide wire passed through the terminal portion of the posterior interosseous nerve.
Palmar percutaneous screw fixation of scaphoid fractures was first described by Streli 22 . In contrast to dorsal approaches, the palmar percutaneous approach has no risk of tendon or nerve structure damage. In an effort to provide perpendicular direction of the guide wire to the fracture line, some surgeons insert the wire through trapezium or perform a partial resection of the trapezium 23 . This method involves risk of later carpometacarpal or scaphotrapezial arthrosis development 24, 25 . The above facts justify our choice of the palmar percutaneous and dorsal limited approaches for the surgical treatment of nondislocated or minimally dislocated scaphoid waist fractures. Soubeyrand et al. 26 demonstrated the suitability of both approaches for the treatment of B2 type fractures of the scaphoid using a computer model in cadavers. Table 4 . Functional outcome during the follow-up examination at four, eight and twelve weeks after surgery.
Flexion, extension, radial and ulnar deviation and grip strength compared with the opposite, unafected wrist. Complaints, pain and satisfaction (yes/no) as a percentage of each group. Group A (palmar percutaneous approach), group B (dorsal limited approach).
Group A Group B P We found one symptomatic scaphoid nonunion in group A (palmar percutaneous approach) but it was not statistically significant (P=1.000). The patient refused a second surgery because of his moderate symptoms. Similarly, in the three published studies comparing the dorsal and palmar approaches for the scaphoid fracture treatment [12] [13] [14] , the union rate for the palmar approach group was 80-100% and for the dorsal approach group 81-100% and no statistical differences were found between groups.
In our study there were no statistically significant differences between the two groups with respect to flexion, extension, radial and ulnar deviation, grip strength, presence of persisiting complaints and patient satisfaction during the follow-up examination at twelve months after the surgery. Jeon et al. 14 and Slade et al. 13 reported no statistical differences in flexion, extension, radial and ulnar deviation with the average follow-up of 30 and 18 months, respectively. Only Polsky et al. 12 found significantly less ulnar deviation (P<0.01) in the dorsal approach patients (25.9°) compared with palmar approach patients (40.4°).
Jeon et al. 14 used the Mayo wrist score for the functional assessment at an average 30 months follow-up and found no significant differences (96 points for the dorsal approach group and 95 points for the palmar approach group). We used the DASH score and found 3.70 (out of 100) for the palmar approach group and 3.89 for the dorsal approach group (P=0.740). Bedi et al. 20 reffered the final DASH score of 6.12 after the average of 98 weeks of follow-up for the analogous patient group using the limited dorsal approach.
Comparing the presence of persisting complaints, resting pain and pain during activities, we found slightly more patients free of persistent complaints in group A (palmar percutaneous approach). The outcomes of these studies using unspecified pain scale 14 and visual analog scale 12 were analogous (P=0.910, P=0.759). The overall rates of complications were 13.5% for group A and 16.2% for group B (P=1.000). Analyzing our complications we realized the majority of them were caused by technical error during surgery (guidewire bending or breakage, screw protrusion or malposition). From the recent literature the reported total complication rates of between 0% and 29% for the palmar and dorsal miniinvasive approaches [11] [12] [13] [14] 20 . However, it is necessary to realize that the definition of complication varies.
We found no studies comparing the functional results of the surgically treated scaphoid fractue using the palmar or dorsal miniinvasive approaches during the first three months postoperatively. We understand our finding of the significantly better flexion in the palmar approach group (89.7% of the opposite unaffected wrist flexion compared to 72.3% in the dorsal approach group in the eight-week follow-up (P<0.0001), lasting to the twelve-week followup (91.5% against 81.6 %, P=0.0003) to be probably due to the immature scar at the site of the dorsal approach. It can also explain the better grip strength in the dorsal approach group (82.8% compared to 75.2%).
CONCLUSIONS
Based on a twelve-month follow-up in this prospective randomised study, we did not find the palmar percutaneous approach for the treatment of acute nondisplaced or minimally displaced type B2 scaphoid fractures to be superior to the dorsal limited approach. The functional results and complication rate were comparable. We found the majority of the encountered complications to have been caused by technical error during the surgery.
